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' ABSTRACT 



This report describes a graphicdf terminal designed?^ f or use as 

'...'> . • ' • 

a remote computer input-output- terminal* The terminal features- a 
plasma display panels self-contained character and line generators 
and the ability to communicate over voice grade telephone circuits. 



This work was supported in par ^ by the Joint Serviqes Electronics 
Program (U.S. Army, U.S. Navy, and U.S. Air Force) under Contract 
,DAAB-07-67-C-0199.^ 

1 * * ^ 

This report was originally titled, "A Plasma Display Terminal,*- ^when 
published in March, 1970 and March,^1971. / 
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CHAPTER 1 - DFSCRIPTliON 



1^0 Introduction . • : / ' 

This report describes the student terminal (remote computer 
terminal)! designed for use in the PLATO IV cbmpnter-aided-insttilqtion (CM) 
system. Although the terminai^is intended fot use in teaching applications, 
it has many features xvhich make it useful in many pther computo"r terminal 

anplicntions. These features include: \ I . ■ ' ' 

' \ 

1. An 8 1/2-inch square plasma display nanel thnt is rend.ible in a 
0 bri^htlv lif^hted room without eyestrain. 

2. Permanent storage of informatij^n on the disnlnv screen without 
flicker.^ 'Absolutely nro refreshing of t^e display onnol *bv the 
compute/ is required T , ^ 

3. Self-conltained character and line generators., 

.4. A character writing speed of ' 180 characters per second and tho 

capability of displaying iin "to 2048 characters on the screen. • 

■ ■ . ' \v ■ ^ . • • . . ■ 

5'. A -line drawing speed of 60 lines per secon^. ^ • . .. 

6. A character repertoire of "256 characters , 1^8 of whfch are 
alterable via the computer program. . \ ^ 

7. The ability to transmit. and receive data on voice grade telephone 
circuits . - ^ . 

•> ■ ^ 
.8. A random-access slide projector foF rear orojection of .st<tt'4c 

information on the display screen. , ' * • 

9. Additional input-oii tout channels for the control of auxiliary 

equipment . ' V 

^ ^ > ' , ^ • ^■ 

10. An optional random-accQSS .audio response unit. : ' \ * 

■ ' ^ " ■•■ 

There are three general requirements which may he vtsed to characterize 
a OAT computer terminal. . . 

First, the terminal must be capable o-f serving the 'needs of a broad 



6 



elass of relatively unsophlsficated irsers^ mqst of whom will be encounteriok' 
CQm<)uter terminals- for the first time. Users mightanclu'dey for example,, 
grade school students studying arithmetic or ^ography, Jhigh school, stu^i'ents 
studying French 6t Spaniah, and; collef^e- students studying ^biology or chemistry. 
The terminal must present ihfiO,nnatl,on to each of^ fhese "u6ers in a form that 
he <3n readilv understand. > * ' 

Second, the terminal must be capable 6f remote oneratioiji via low gVade 
telephone lines. This requirement is essen'tial- to* permit *the locating of 
terminals in widely separate schools^ wi^dut the treed' foi: expensive qommuni- , 
cation links. * . " . ^ 

Third, the terminal should cost less than $5000 to be competitive with 
' ■ ' ' J, ' ' 

the present costs of education.^ - . ^ * . " , • 

/ . ^ ^ . ' : • ^ • v . ^ . . .: 

To meet, the first requiremenf mentioned abqve, the tenpirjal must have 

J, ■ . . ' , . ■ .-^ ' ' . ■ 

graphical capability. It must be able to pirgtsent pictoral information guch' " 

/ ' . . ' r . \ , 

as. maps, graphs, circuit diagrams, anatomical dr^wijtgs,'^ etc. Some tvp^^ bf 

, ' ^ / * • ' - . ■ ,■- '■ 

line- generator whi^ch can be used to generate such objects* is thus required. 

A very versatile character generator, is also required. "^The' terminal 

' '»».<«' 

must be capable of displaying pot 0niy upper and. lower case Cnglish alpha- ' 
numeric characters, but* also foreign language ^characters and any special 
symbols which may be unique to a particular subject under stpdy. Sii^h a 
need implies a character generator whose repertoire can be dynamlGally 
altered by the comput;er. , , ' 

. The ne^ed f,or operation oversow grade telephone liTies implies a limited 



Dr ^Ipert and D. Bitzer, "Advances in ^Computer-based Education Science^ 
March 2Q, 1970, Volume 167 ,>p. '1582-1590. 



available bandwidth 'of approximately 120t) bits/second. Such TjoW-ibandwidCti 

' ** ■ 

necessitates loqal storage of informat iv()n' within the ^^ermin^l . 

Depending upon the data format used, anywhere frotn 75K to 230K bits of ' 

merfiory may be retjuire^ to store iramage^' for presentation on a cathode-ray 

tube (CRT) with 50P lin« Tesolutior\.r' A relativeiy; high bandwidth , typically 

4.5 MH^, is required between this memory 'and the Cfrr to "prevent flicker of 

the image* "past digital do analog (OA) conyertfers may'^be required to inter- 

•frace the ter*minal processii^g urtit^ to^ the CRT. > ^ ^ 

Direct viewing storage tubes may be y^d "to overcome the flicker problem 



biit tiie^e devices suffer ftom low 



brightnesis and^the Inability to per'form 



selective erase operations oh the displayed data, / 

The use pf a plasma panel, on the oth^r hat>d, witb- its inl^erent , 
niemury, eliminates the refresh memory while preserving the selective ^erase 
fVinctioh. Befcause each point is stored on^ the panel as it Is displayed, 
^tne terminal* electronic^ /rieed operate only fast enough to s'tay ahead of the 
incomirrg^ data. A panel/writing rate .of 30 KHz is adequate for this application. 
The digital nature of the plasma panel also eliminates the need for any DA 
converters. 

The thin transparent structure of the plasma panel permits the panel 
t^) be used as a .screen for tlie viewing, of information in tlie form of slides 
or microf-iche which 'can be projected on the rear of the panel. Such informa- 



•^R. L. ..Tohnson, D. L. Bitzer, and H/G. Slottow, "The Device CharacAeristics 
of the Piasma Dl^l-ay Element-,'' lEEL Transactions on Electron Devfctes, 
Vol . Tb-18, No. 9? September 1971, pp. 642-649. , 



tlon can be^s cored In the Cemlnal and projected on the panel, under computer 
control, thusT providing a preser>tatlon of dynamic computer generated data : 
superimposed on static (slide) data. This local storage of static Informa- 
tion reduces the memory required In the central computer and at .the same time 
results In more efficient use .of the communication link. 

!•! Temlnal Descri ption 

A block diagram the prototype temlnai I3 ^hown In Figure 1.0., The 

" ■ , . . • ' ' ' . ' 

serial Input port Is designed to accept data jirrlving at a rate of' 1200 



bits/second In the fon^of a f requency-m6dulated (fm) signal, which permits 
the terminal to operate on voice grade telephone clrcuitlL The terminal 
word' size is 20 bits and therefore the terminal word rate i^ 6 0 words per 
second. The terminal word fdrmat is discussed In Chapter 2 J 

The demodulator recover$ the data from the fm s'l^n^and shifts the 
data into the serial Input rejjlster (SIR). After a full word has been 
assembled In the SIR It Is .transferred to the Data (D) Register. 

The 20-blt D register Is the distribution center'-of the terminal. 
From this register data may be transferred to all Internal sections of 
the terminal as well as any. external equlijmertt connected to the^ temlnal. 

-The 5 bit mode regis ter (M) 'is analogous to the Instruction register 
in a digital computer. This register directs the Terminal Control section 
In the processing of Incoming data. Terminal Control provides the timing 
and control signals for controtllng the flow of data within the terminal. 
Four modesVof operation are available* and are discussed in Chapter 2. 

The data Is displayed on a Dlglvue'^ Plasma Display Panel. This panel 



*TraderaarV of Owens-Illinois, Inc. 
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Figure 1:. Terminal- Block Diagram 



■ - 6 - ■ * , ■ • ■ 

• - . , ■ , Jf ' . 

is a 8, 1/2- inch square panel containing 512 -addressable points along each, 
'axis or a total of 262,144 points. The- address of any ooint on ths panel 

f ' » ■ , . / . s 

is specified by the conten^ts of. the 9 bit X and Y registers. The outputs 

... ,> , ' ^ " f ' 

of thepe registers ajre sent to the decoding and driving circuits which . 

' * . . . ^ 

drive the disiplay panel. ' ' , . • « 

The line generator contains the.ctrcuits. used in plotting lines on the 
panel. Lines .of any length may be dj^^avm at the rate of 60 lines per second. 

The character generator contains four memories^* each containing th^* 
points for plotting°64 characters or_3 total of 256 characters. T^^o of the ^ 
memories are read-only memories <ROM) and t*o are random access (RAM). 
In the lat^ter case , the memories are loaded by th« computer with special 
character or graphical data as required by the terminal user. Characters 
-are plotted^at a tate of. 180 per seconcL 

A 64 character keyboard provides the termina,! doerator with an input 

link to the computer center.. Data from the kevboaFjJ is entered into the 

serial output register (SOR).;^ From the SOR data is shifted i-nto the 

modulator where it is encode^ci as an fm signal fbr trarismissidh to the 

computet center.- ' , / • 

, - ■ ■ i ■ ■ ' 

- ■ ■ • , . - ... ■ . ^ 

Three additional* inputs to the? SOR are provided. One porx permits 

■ ' ^ 

Terminal Control to transmit teilninal cgirtcii tion' inf orjnat ion to the computer 
while the other ports provide access to .the cpmputef center for externally 
connected equipment. " ^ . 



-.A 

1.2 Auxiliary Equipment \^ 

Three 15 bit output channel s'-^are pro\^i<ied to permit Operation of 
external' equipment . < 
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One channel 1§ used to transmit data to aJriandoiP access slide proiector"^ 
xvl^ich can project slides on the rear of the plasma displav panel. The "^slide* 

projector will contain a 256 slide memory with ap' access time of .1! second. . 

, ' ' •• • ^ 

A second channel may /be used to address an 'audio response unit. The 
audio unit will, up.on command from the computer center, .play back a mpssaf^e 

to' the terminal ^operator Up to 15 minutes of prerecorded audio messages ^ 

' ' " 4 

ma^ be available with an average access time of .5 second. 

Other tvpes of equipmentowhich might. be attached to the terminal 

include printers, or other ifard copy, devices and various types Sf data 

acquisition and recording equipment. ' / 



3 " ' ' 

. D. U. Bitzer, R. L. Johnson, and D. Skanerdas, ''A Digitally Addressable 
Random-Access Image Selector and Random Access Audio System," CERL 
Report X-13, Computer-based Education Research Laborafoorv, University 
of lailnois, August, 1970. ^J**-^^ i 

^Ibid. ' . ' 
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CHAPTER 2 - OPERATING MODES 

■ r ' ■■ ■ ■ " ■ 

2,0 Word Format ^ ' 

The dat* to be processed by the terminal consists of 20 hit -words 
with the format shoAip in Figure 2.0. 
id 



19 


18 • , 


• 


• ? 01 


no 


C 




^ DATA 


> 


p 



• ^ Figure 2hQ Terminal Word Format - - 

Blf .00 , J . Paritv bit even parity 

Bits 01-18 - , ' ' Data • 

Pit 19 . Control bit • 0 ■ control word 

, • 1 « data word 

'^rmlnai words may be of t^o tvpes; control words atid/or data words. Data 
words (c « 1) contain the. data to be processed bv the terminal while control 
words *(c =« 0) are instrqctions used to establlsh'certaln conditions within' 
the terminal.* ' ' . ' . 

-..■u^ . .J 

2.1 Control Word - T 

The control. word format is shown in Ffgufe 2.1.. 

^y%8 17 16 15 .'^ * " \ ■ T)l 00* 

jo I D I ' DATA 



Figure. 2.1 Control Word Format ' . 

Bits 01 - 15 • ' , Data ^ . - 

Bie.s 16-18 . Destination of data within -^e 

Nt . terminal ' " • 
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D =• OOP (NOP) 



I'J 18 17 16 15 

T 



0 0 0.7 0 



X 



01 00 



-0 



This word is a WOP (no-operation) in'st ruction . The word is ii.ptit by 

' ■ • "* • . ' 

&he terminal but the terminal condi,tion is not altered in any way. 

^0 ^ 001 (LDM> Lrtad Mode \ . * ■ ^ 



1.9 


18 


17 


U 


15- 


lA 


13 '. 


07 


06 


0 


5 


01 


00 


0 


0 


0 


1 


L 


r. 


WORD COUNT 




M( 


)DE WORD 


P 



illis instruction loads the Mode register (M) with bits OI-JS. In 
addition, if bit 1^4 (WC) is a the Word Count register will be loaded 
with bits 07-13. ^the mode is described in Section 2.2 and the Word' 
Count in Hoction 2.8. Receipt of an LDM instruction while the teriuinal is in 

the' AiiO'RT mode' will load the Wor5 Count register but will not alter the *^to»ir/ 

*. . . • . • 

register. Bit 15 is rused to actuate or inhibit external' devices attached Co 
the terminal'. Receipt of an LDM instruction with bit 15 5= 1 will inhibit all 
inputs from external . devices . These Devices will remain inhibited until receipt 
ot an Li)M instruction with bit 15 = 0. / - , 



I) ^ 010 (LDC) Loa'd Co-ordinate * 















19 


18 17 ITj 


15 11 


n 


O'-J ■ • *' 01 


00 


0 


0 1 0 






a(Y) 


p 



This instruction Toads the X register (bit iO = 0) or the Y. register 
(.hit 10 = 1) With bits 01-09. Bits 1U15 are unused. 



V 



J = on (LUE) Load Lcho 



19 la 17 16 15 



08 07 



1 



01 OJ 



ECHO 



■ M 



10 • - .. 

This instruction loads the terminal output register (SOR) with bits 
01-07.. This word is then transmitted bacle to the computer center. , . 

Programming Note ; This instruction should not be sent to the terminal 
at a rate greater than once every .32 words.. (Once every 64 words' if extremal 
<lnput devices are present at the terminal.) Exceeding this rate may cause 
error^eous data to be returned to the computer center-, 

X) = 100>,(llDA) Load Memo^^" Acfdress 

19 1,8 Tz 16 15 



0 r 1 



11 10 



01 00 



MEMORY ADDRESS 



- This instruction loads the Memory Address Register (MAR) with bits 
01-10. \ Bits 11-15 are 'unused. This data word specifies the first storage 
address to be used upon entrv into a Mode 2 operation. 

•D = 101 tSRL) Load' Slide - 





19 


18^7 16 


15 


11 


10 


09 


0.3 


05 


04 


01 


00 


^ 1 


0 


1 0 I 




L 


S 


X 


Y 


P, 


This 


instruction is used 


to onerate Ohe 


slidis proiectoV. 


Bits 



select one of 256 . slides for display on the plasma panel. Bit 09 controls 

the projector shutter. For normal operation this hit is alwavs "0". 

However, if this hit is a *'l", the shutter will be closed and remain closed 

until re^ceipt of a load slide command with hit 09 « "0". Bit 10 controls 

» f 

the projector lanp. The lamp will he turned on if hit 10 is a "l'-*. and off 



if bit 10 is a "0':, 



D »-llO (AUD) Load Audio 



19 18 17 16 15 



01 00 



0 



1 1 0 



AUDIO DATA 



'This instruction is used to control the audio response unit. The 
audio respons,e unit 'requ^.res two of these instructions per audio ppetdtton. 
The formats of each of these instructions is described below. 



15 


14 


n 12 




'06 


' 05 01 
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p * 




TRACK 




• 

SECTOR 



First audio 
instruction 



Bits 01 - 12 



Specify the message /starting 
address; bits 01 - 05 specify 
one of 32 sectors 'and hit;s 
06 - 12 one of 128 tracks,. 



Bits 13 - 14 



Bl,t 15 



Specify plavback of erase "as 
follows : ' .V ^ > 

00 - do nothing 
• 01 - play message 

10 - do nothing 

11 - record pies sage ^ 



Alr^avs ''1* 



Tderitffies* first" 



of two audio instruttions . 

— J 



15 


14 


08 


07 01 




0— 


— — 0 


MESSAGE LENGTH ' 
. IN SECTORS 




. Bits 01 - 07 




Snecifv 



Bits 08 - ^L4 
Bit 15 



Second audio 
instruction 



terms of sectors. One sector 
equals 1/3- seconds. ' 

Unused 

Always "0'' - identifies second 
audio instruction. 
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D. ■ 111 (EXT) Load External Channel 

» 

' 19 18 17 L6 15 ' 



0 



1 1 



01 00 



EXTERNAL DAT/V ^ 



This Instruct'ion transfers bits 01 - 15 to any equipment attached ^to 

the external output channel of the terminal. ' ' 

1 ■ ■ • ■ -, 

• / 

■ . ' ' ' \ . • - 

2.2 Mode ^^ord ^ t . • 

0 

^ For each mode of terminal operation there is an associated mode word 
« 

* ■ . ■ • 

which directs the terminal prbcessinR of ' inipoming data. Once placed in 

any given mode' the terminal remains in that mode until receipt of a new 

LDM instruction. The mode word"4«mnat is shown in Figure 2.2 



05 



04 



, 03 



02 



01 













^1 
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S 



Figure 2.2 Mode Uord Format 



Bit 01 



Bits 02 - 03 



W/E^ 


"/fo" 






X 


0 


0 


1 


1 


1 


Bits 04 


x 05 



Screen Command. If this bit is 
a "1", the entire display panel 
is erased at the time , the Mode 
Word^ is loacfed intp the M register, 
17 . .. 

Select write )or erase function as 
follows : V ; 



Erase 
Write 



Write; suppress all background erase 
operations. This operation is 
djescribe.d in more detail in Section 
.6. 

f » . 

Specify operating mode 



>, ■ ■ 13 • • ' . ■ 

2.3 Mode OQ- - ' *.» ' < . ~ 

Mode 0 is a noin t . nlottinR mode. Kach node 0 data word (Fij^ure 2.3) 
\speclfies* the address of a- poliit on the panef to he. wnitten or erased. The 
W/Ej^l^it in the mode wbrd determines which operation -is performed. 



•19 18 • 



10 



1. 



0^ 



Figure 2.3 Mode 0 Data. Word 



Oi 00 



2. A Mode 0.1 



Mode 1 is a line drawing mode. Efach data'word, Fip,ure> 2 .4, specif ies 
• the terminal coordinates of a line^i the oriR;ipn of which is contained in^^the 
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registers * - 
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00 
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Flpure 2.4 


Mode 


1 Da'ta Format 














1 





The terminal point . of a piven line is also^ interpreted as the oripvn 
oP the next line. Line origins mav ho relocated, hoy^'er, bv'. the, use of 

the LDC command ^without 'editing ftom Motjle 01". * 

(• ' . f . « 

An Example of ^.Mode^Ol operation is shown in Figure 2.5... 



2.5 Mode 1(K ' - . - ^ 

Mode 2 is a ^ load terminal memory m»<ie. Each mode 2 data x^ort (Figure- 
2.6) contains a 16 bit word to hectored in the memory loca^^'iori specified 
by the present contents of the memory address register ,04AR)\ Up to 1024 
16 Kit words may be stored in Ch^ terminal. After, the data has been stored 



15 



19 18 17 16 



01 00 



m 



MEMORY DATA V/ORD ' 



' , Figure 2.6 ?^de. 2 Data Wof cl " 

the MAR is au tomaticallv incremented by 1. Thus, data may b.e stored 
sequential Iv in memorv bv transmitting only Mode 2 data words. The contents 
of the vMAR raav be^ changed at any time via the LDA instruction. ^ 

The data, when displayed on the panel, appears as a vertical c;p^mn 
with bit 01 at the bottom and bit 16 at the top. The stored data is 
displayed via Mode 3 <!rhich is described in the next section. ^ 

2.6 Mode 11 ^ . ^ ' , 

. — . _ ^ ■ ^ _ - 

' Mode 3 i^ a -character^ plotting mode, the data words in this rtibde 
contain tlxree 6 bit character codes as shown in Figure 2.7. 



/ 
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12 - 


07 


06 




01 


00 
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CHAR 1 


CHAR 2 


CHAR 3. 


p 
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Figure 2.7 Mode 3 Data Uord 

J. 

Four 64 character memories are provided in the terminal. Memories M^ 
and M^ are read-only memories (ROM) which contain the characters ' shown in 
Table 2,1. Memories M^ and are random access memories (RAM), eacli con- 
talninp 512 x 16 bit words,. the contents of Vy^hich are loaded via mode 2, 
The contents of M^ and M^ are processed' bv Mode 03 as 64 < arrays of 8 x 16 
bits each. The conte^nts of 8 consecutive' addresses are displayed as one , 

character. All characters are ddsplayed within an 8 x 16 matrix as sho™ 

* * ■ ■ 

in Figure 2.8. - The top , three and the bottom rows of the matrices for all 

characters from M^ and M^ are alwavs unfilled. ' . " 
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Figurk 2.8 Character Matrix 



Character write/erasel is controlled hv the vrite/erase bits in the 
mode word. If W/Eq * 1, characters are written; If W/E^ =» 0, characters are 



0 



erased. If W/E^^ - 0, the background pr nonnallv unfilled portion of each 
character matrix ^ill be eralsed, if W/E. =j 1 the background remains, unaltered. 

: Up to 32 lines of 64" characters each may be plotted for a total of • - 
2048 characters. In comparison, a tvpical page *of double spaced tvpe * 
consists of 27 lines of 72 characters ot.a total of 1944 chara:cters. 



2.7 Control Characters- 



The "uncover'V code (77) is used to gain access to 12 control characters. 
These characters are useful in controlling display format in liJode 3' operations, 

Upon receipt of a 77 code, the terminal interprets the next character ^ 
code as a control character rather than a memorv address. Folloii/lng 
. execution of 'the control .character normal- Mode 3 operations are resumed. A 
description of eacjj control function is giyen below. . 
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Table .2.1 Character Co^ep 
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Uncover (77) , - ^ ) 

This code instructs the tertninal to obey the* next character address as a 
control function. If severa,! uncover codes are sent in sequence, the first 
non-uncover code will be treated as the 'control character. 
Backspace (10) , # 

This cltaracter decreases by 8 the panel x address, i.e. , moues ohe * 
character position to the lefjt. ' A backspace over^a displayed character does 
not erase the character.^ ' ' ' . " 

Tab (11) ^ . * 

This character increases by 8 the panel x address, i.e., moves one 
character position to the right. A tajb over a displayed character does not 
erast: the character. • • ' 

Line Feed (12) . , . y ^ 

This character decreases hy 16 the panel y ^address , i.e., moves down one 
character position. A -iine feed over a displayed character does not erase the 
character. . ' ^ 

Vertical Tab (13) ^'V 

This character increases by ' 16 the panel y address, i.e., noves up one 
charai-^tor position. A vertical tfab over a displayed Character does not erase 
the ct^aracter. 

Form Feed (14) ^ ^ 

This character sets the panel address to the upper left corniSV (x = 0, 
y ^ 49.6). This -is the first cha^ctet position on the top line of the display". 
No displayed data is erased in this operation. ; 
Carriage RettHpn (15) 



This charact'pif cleafbe (sets to^.O) the panel x address and decreases hy 



16 the y address. The screen address is thus s^et to the first character 
posi L ion Oil ^the lin^immcdiately below the present line. Nq displayed 
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data ts erased in this operaticnn. 



Superscript (16) - v * ^ / 

* •■ .• ' ■ ■ ' - ' * ' " • ' , ' 

.This character Increase^ the panel v address bv 5. All chari^cters 

received following this »'cddG ^appear ^as shoi^m invFij^ure 2.9. This select jpo 

,. - ' . . « „ \ " f 

may be removed by receipt of ar siibscrip:t (17) code. No data is erasied in a 

" - ■ ■ ■ ■ ^ , J^- 

subscript operation^ ' . 




^' ^* ^ ' ' Fi^.ure 7.9 Supe'rscript:" Operation ^, , 

- . \ ^ ^' ' ' ' 

-Sub script (17) \ : ' . 

• ' This- character decreases bv 5 the panel y address. 'J^ll charncter^- 

deceived ^following this code appear ns shown in Figure 2.9,1. This 
character mav he used .to remove a superscript sielection (16) ahd the super- 
script code may be nised to remove this selection. -No. data'cis erased in a 
superscript operation. . * * * ' * * / . 
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Figure 2.9.1 Subscript Operation 



Select Mq (20) 



This code- selects character memory 0. All succeeding characters will • 
he read from the memory until receipt of. a different memory select code. 

Select (21) 

This code selects character memory 1. Ail succeeding, characters will 
be read from this memoiry until receipt of a different memorv select code. 

Selej^^ M2 (22) \ v 

This code selects character memory 2. All succeedi-ng characters 
will be read from this memory until receipt of a different memory select code, 

« . ■ * 

Select (23) 

' ,^This code selects character memory 3. All succeeding characters will 
be read from this memory .urvtil receipt of a different memory select code. 
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2,8 Error Control i X "1 

■ ; , ' • \ \- ' 

Contained within the terminal is a 7 bitlWor^ Count (WC) register, 

which maintains a record of the' number' of non-NOP words received bv the 

terminal. r.Rch time a non-i^OP word i s trnnsf erred into the terminal the 

* . » . - 

Word Count .is .incremented bv 1. - ^ j . 

Upon receipt of a -^otd \7ith, a paritv error the terminal enters the . 
ABORT mode of operation. T'n this mo3e the terrfiinal transmits the contents," 
of the to the computer. The \/C wi 11 contain the address of thi^ word 
containing the error. "iSw-" • • 

-Once in the ABORT mocle the terminal V/ ill refuse -to accept any further 
information excepjiv f or a LDM inistriiction with bit 14 a "I", Receipt of ; 
this word wi 11' clear tht^ ABORT Rode and te turn the terminal to nq/mal 



r 



operation. This laetuod Of .'error conlro^ prevents the terminai frpri; ^^'^^ 
process in^; data in, the wrong mode iA thci event an erroneous, mo, 



re CO ived . 
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CHAPTER 3 - TERMINAL GENERATED DATA 



3.0 Data Sources 



Data may be generated by any of four sources X^^ithi'n the 'terminal or 
by an external device connected to the external input channel. Internal 
sources of data are: 

1. A 64 key keyboard shown i« Figure 3.0 with the coding shown 

in Figure 3.1. y 

• • ■ ^ "^L f ' , 

2. The echo clode'. See LDE instruction in Section 2.1. 

*> • ' 

3. The Word Gount register. See Section 2.8. . ' 

■ ■"■ . ■, ^ 

4. The , Touch Panel. This is an optical Input device which 

^ permits the terminal operator to er^j^r data into the 
computer bv pointing at areas of plasma panel with his 

finger. ^ ^ 

» . • . ■ • - 

' ' , • . ^ ' . - " ' ^' - 

3.1 Output Word Format - ^ 

The data transmitted from the terminal consists of II bit words .with 
the format shown in Figure 3.2. , ^ ' * 



10 09 .08 



' 01 00 



DATA 



Figure 3.2 Output Word Format 
Bit 00 ' Parity bit - even parity 

*Bits 01* - 08 Data Field ^ 
Bits^09 - 10 Identity S(/rce of data 
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The word formats fojf.dach of the input sources is (fescribed* below: 
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iVIiere several terminals (up/to 32) share a common link to the coi^uter 
center the data is sent to a multiplexor x^hich assigns a tet7nj.nal identity 
code and adjusts the parity bit before .transmitting the data on to the 

. \ ; 

center. In this case, the data has the format shown in Figure 3.3. Except 
for Che identity code, bit assignments are the same as in Figure 3.2. 
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Figure 3.3 Multiplexed Word Format 
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